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METHOD AND APPARATUS FOR 
BINARIZATION AND ARITHMETIC CODING 

OF A DATA VALUE 

BACKGROUND OF THE INVENTION 

I. Technical Field of the Invention 

The present invention is related to binariZation schemes 
and coding schemes, in general, and in particular, to bina 
riZation and arithmetic coding schemes for use in video 
coding applications. 

II. Description of the Prior Art 
Entropy coders map an input bit stream of binariZations of 

data values to an output bit stream, the output bit stream 
being compressed relative to the input bit stream, i.e., 
consisting of less bits than the input bit stream. This data 
compression is achieved by exploiting the redundancy in the 
information contained in the input bit stream. 

Entropy coding is used in video coding applications. 
Natural camera-vieW video signals shoW non-stationary 
statistical behavior. The statistics of these signals largely 
depend on the video content and the acquisition process. 
Traditional concepts of video coding that rely on mapping 
from the video signal to a bit stream of variable length-coded 
syntax elements exploit some of the non-stationary charac 
teristics but certainly not all of it. Moreover, higher-order 
statistical dependencies on a syntax element level are mostly 
neglected in existing video coding schemes. Designing an 
entropy coding scheme for video coder by taking into 
consideration these typical observed statistical properties, 
hoWever, offer signi?cant improvements in coding ef? 
ciency. 

Entropy coding in today’s hybrid block-based video cod 
ing standards such as MPEG-2 and MPEG-4 is generally 
based on ?xed tables of variable length codes (VLC). For 
coding the residual data in these video coding standards, a 
block of transform coef?cient levels is ?rst mapped into a 
one-dimensional list using an inverse scanning pattern. This 
list of transform coef?cient levels is then coded using a 
combination of run-length and variable length coding. The 
set of ?xed VLC tables does not alloW an adaptation to the 
actual symbol statistics, Which may vary over space and time 
as Well as for different source material and coding condi 
tions. Finally, since there is a ?xed assignment of VLC 
tables and syntax elements, existing inter-symbol redundan 
cies cannot be exploited Within these coding schemes. 

It is knoWn, that this de?ciency of Huffman codes can be 
resolved by arithmetic codes. In arithmetic codes, each 
symbol is associated With a respective probability value, the 
probability values for all symbols de?ning a probability 
estimation. A code Word is coded in an arithmetic code bit 
stream by dividing an actual probability interval on the basis 
of the probability estimation in several sub-intervals, each 
sub-interval being associated With a possible symbol, and 
reducing the actual probability interval to the sub-interval 
associated With the symbol of data value to be coded. The 
arithmetic code de?nes the resulting interval limits or some 
probability value inside the resulting probability interval. 
As may be clear from the above, the compression effec 

tiveness of an arithmetic coder strongly depends on the 
probability estimation and the symbols, Which the probabil 
ity estimation is de?ned on. The symbols may be the data 
values in the input bit stream or the syntax elements in the 
input bit stream. In this case, the binariZation of the data 
values is not critical. 
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2 
SUMMARY OF THE INVENTION 

It is the object of the present invention to provide a 
binariZation scheme and coding scheme, Which enable effec 
tive compression of data values, such as transform coef? 
cient level values or components of motion vector differ 
ences in video signals, With moderate computational 
overhead. 

In accordance With the ?rst aspect of the present 
invention, this object is achieved by a method for binariZing 
a data value, the method comprising the steps of binariZing 
the minimum of the data value and a predetermined cut-off 
value in accordance With a ?rst binariZation scheme, in order 
to yield a primary pre?x, and, if the data value is greater than 
the cut-off value, binariZing a difference of the data value 
minus the predetermined cut-off value in accordance With a 
second binariZation scheme to obtain a binary suffix, the ?rst 
binariZation scheme being different from the second bina 
riZation scheme, and appending the primary suffix to the 
primary pre?x. 

In accordance With the second aspect of the present 
invention, this object is achieved by a method for recovering 
a data value from a binariZed representation of the data 
value, the binariZed representation of the data value being a 
codeWord having a primary pre?x, Which is a binariZation of 
the minimum of the data value and a predetermined cut-off 
value in accordance With a ?rst binariZation scheme and, if 
the data value is greater than the predetermined cut-off 
value, a primary suf?x appended to the primary pre?x, the 
primary suf?x being a binariZation of the difference of the 
data value minus the predetermined cut-off value in accor 
dance With a second binariZation scheme, the method com 
prising extracting, from the primary pre?x, the minimum, 
and, if the minimum is equal to the cut-off value, extracting, 
from the primary suf?x, the difference from the data value 
minus the predetermined cut-off value. Then, the predeter 
mined cut-off value is added to the difference, to obtain the 
data value, and, if the minimum is smaller than the cut-off 
value, the minimum is regarded as the data value. 

In accordance With the third aspect of the present 
invention, this object is achieve by a method for arithmeti 
cally coding a data value into a coded bit stream, the method 
comprising binariZing the minimum of the data value and a 
predetermined cut-off value in accordance With a ?rst bina 
riZation scheme, in order to yield a primary pre?x, and, if the 
data value is greater than the cut off value, binariZing a 
difference of the data value minus the predetermined cut-off 
value in accordance With a second binariZation scheme to 
obtain a binary suf?x, the ?rst binariZation scheme being 
different from the second binariZation scheme, and append 
ing the primary suf?x to the primary pre?x. Then, for each 
bit in the codeWord, if the bit of the code Word is part of the 
primary pre?x, binary arithmetically coding the bit by 
means of a adaptively varying bit value probability 
estimation, or, if the bit of the code Word is part of the 
primary suf?x, binary arithmetically coding the bit by means 
of a static bit value probability estimation, is performed, 
thereby obtaining the coded bit stream. 

In accordance With the third aspect of the present 
invention, this object is achieved by a method for decoding 
a coded bit stream Which represents a binariZed representa 
tion of the data value, the binariZed representation of the 
data value being a codeWord having a primary pre?x, Which 
is a binariZation of the minimum of the data value and a 
predetermined cut-off value in accordance With a ?rst bina 
riZation scheme and, if the data value is greater than the 
predetermined cut-off value, a primary suf?x appended to 
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the primary pre?x, the primary suffix being a binariZation of 
the difference of the data value minus the predetermined 
cut-off value in accordance With a second binariZation 
scheme, the method comprising, for each bit in the 
codeWord, if the bit of the codeWord is part of the primary 
pre?x, determining the bit by binary arithmetically decoding 
the coded bit stream by means of a adaptively varying bit 
value probability estimation, and, if the bit of the codeWord 
is part of the primary suf?x, determining the bit by binary 
arithmetically decoding the bit by means of a static bit value 
probability estimation, thereby obtaining the codeWord. 
Then, the minimum is extracted from the primary pre?x. If 
the minimum is equal to the cut-off value, the difference 
from the data value minus the predetermined cut off value is 
extracted from the primary suf?x and the predetermined 
cut-off value is added to the difference, to obtain the data 
value. If the minimum is smaller than the cut-off value, the 
minimum is regarded as the data value. 

The present invention is based on the ?nding that a very 
effective compression of data values, and, in particular, of 
components of motion vector differences or transform coef 
?cient of level values, forming syntax elements in a video 
signal, may be achieved by using a binariZation scheme for 
preparing the syntax elements for the arithmetic coding, the 
binariZation scheme substantially being a combination of 
tWo different binariZation schemes, and by using binary 
arithmetic coding instead of m-ary arithmetic coding for 
coding the binariZed syntax elements. 

The advantage of using a binary arithmetic coding engine 
instead of a m-ary arithmetic coder operating on an original 
m-ary source alphabet is that the complexity of the prob 
ability estimation is reduced since the determination of the 
probabilities for the tWo possible bit values can be de?ned 
by just one probability estimation value. Adaptive m-ary 
arithmetic coding, for m<2, Would be in general a compu 
tationally complex operation requiring at least tWo multi 
plications for each symbol to encode as Well as a number of 
fairly complex operations to perform the update of the 
probability estimation. 

Furthermore, binary arithmetic coding enables context 
modeling on a sub-symbol level. For speci?c bins, i.e., the 
nodes in a binariZation code tree of the binariZation scheme 
by Which the data value to be coded is binariZed, conditional 
probabilities can be used. These speci?c bins Will be, in 
general, the most frequently observed bins. Other, usually 
less frequently observed bins, can be treated using a joint, 
typically Zero-order probability model. 

The use of the inventive binariZation scheme enables, in 
connection With binary arithmetic coding, an effective Way 
of adapting the binariZation representation of the data value 
to the probability distribution of the data values. A suitably 
selected cut-off value may lead to the least probable data 
values to be binariZed into code Words having equally 
probable bit values, Whereas the most probable data values 
may be binariZed into code Words leading to a very effective 
arithmetic coding bit stream When using adaptive context 
modeling. Thus, coding based on a static probability esti 
mation may be employed for the second binariZation scheme 
suffix of the code Word, Whereas adaptive binary arithmetic 
coding is effectively applied to bits of the ?rst binariZation 
scheme primary pre?x of the code Word. 

In accordance With a speci?c embodiment of the present 
invention, a concatenation of a truncated unary binariZation 
scheme and a k”1 order exponential Golomb binariZation 
scheme is used. This concatenated scheme, Which is referred 
to as unary/k”1 order Exp-Golomb (UEGk) binariZation, is 
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4 
applied to motion vector differences and absolute values of 
transform coef?cient levels. The design of these concat 
enated binariZation schemes is motivated by the folloWing 
observations. First, the unary code is the simplest pre?x-free 
code in terms of implementation cost. Secondly, it permits a 
fast adaptation of the individual symbol probabilities in a 
subsequent context modeling stage, since the arrangement of 
the nodes in the corresponding tree is typically such that 
With increasing distance of the internal nodes from the root 
node the corresponding binary probabilities are less skeWed. 
These observations are accurate for small values of the 
absolute motion vector differences and transform coef?cient 
levels. For larger values, there is not much use of an adaptive 
modeling having led to the idea of concatenating an adapted 
truncated unary tree as a pre?x and a static Exp-Golomb 
code tree as a suf?x. Typically, for larger values, the EGk 
suf?x part represents already a fairly good ?t to the observed 
probability distribution, as already mentioned above. 

SHORT DESCRIPTION OF THE DRAWINGS 

Preferred embodiments of the present invention are 
described in more detail beloW With respect to the ?gures. 

FIG. 1 shoWs a high-level block diagram of a coding 
environment in Which the present invention may be 
employed; 

FIG. 2 shoWs a block diagram of the part of the coding 
environment of FIG. 1, in Which the binariZation and binary 
arithmetic coding takes place, in accordance With an 
embodiment of the present invention; 

FIG. 3 a part of the binariZation coding tree related to the 
binariZation scheme FIG. 5; 

FIG. 4 a schematic diagram illustrating the binariZation of 
an absolute data value in accordance With an embodiment of 

the present invention; 
FIG. 5 a table shoWing bin strings into Which an absolute 

value is binariZed in accordance With a further embodiment 
of the present invention; 

FIG. 6 a table shoWing bin strings into Which an absolute 
value is binariZed in accordance With a further embodiment 
of the present invention; 

FIG. 7 shoWs a pseudo-C code for performing a binariZa 
tion in accordance With a further embodiment of the present 
invention; 

FIG. 8 a schematic diagram illustrating binary arithmetic 
coding in accordance With an embodiment of the present 
invention; 

FIG. 9 shoWs a schematic diagram illustrating the decod 
ing of an arithmetically coded bit stream into a data value in 
accordance With an embodiment of the present invention; 

FIG. 10 shoWs a schematic diagram illustrating the recov 
ering of a data value from a binariZation of the data value in 
accordance With an embodiment of the present invention; 

FIG. 11 shoWs a schematic diagram illustrating the extrac 
tion With regard to the suf?x part in the process of FIG. 10. 

FIG. 12 shoWs a basic coding structure for the emerging 
H.264/AVC video encoder for a macro block; 

FIG. 13 illustrates a context template consisting of tWo 
neighboring syntax elements A and B to the left and on top 
of the current syntax element C; 

FIG. 14 shoWs an illustration of the subdivision of a 
picture into slices; and 

FIG. 15 shoWs, to the left, intrai4><4 prediction con 
ducted for samples a—p of a block using samples AiQ, and 
to the right, “prediction directions for intrai4><4 prediction 
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DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE PRESENT INVENTION 

The present invention is described in the following With 
respect to video coding, although the present invention may 
also be used advantageously in other applications, such as 
audio coding, compressed simulation data or the like. 

FIG. 1 shoWs a general vieW of an video coder environ 
ment to Which the present invention could be applied. A 
picture 10 is fed to a video precoder 12. The video precoder 
treats the picture 10 in units of so called macro blocks 10a. 
On each macro block a transformation into transformation 
coef?cients, is performed folloWed by a quantization into 
transform coefficient levels. Moreover intra-frame predic 
tion or motion-compensation is used in order not to perform 
the aforementioned steps directly on the pixel data but on the 
differences of same to predicted pixel values, thereby 
achieving small values Which are more easily compressed. 

The macroblocks into Which the picture 10 is partitioned 
are grouped into several slices. For each slice a number of 
syntax elements are generated Which form a coded version 
of the macroblocks of the slice. These syntax elements are 
dividable into tWo categories. The ?rst category contains the 
elements related to macroblock type, sub-macroblock type 
and information of prediction modes both of spatial and of 
temporal types as Well as slice-based and macroblock-based 
control information, such as components of motion vector 
differences, Which are prediction residuals. In the second 
category, all residual data elements, i.e. all syntax elements 
related to the coding of transform coef?cients are combined, 
such as a signi?cance map indicating the locations of all 
signi?cant coef?cients inside a block of quantiZed transform 
coef?cient, and the values of the signi?cant coefficients 
Which are indicated in units of levels corresponding to the 
quantization steps. 

The precoder 12 transfers the syntax elements to a ?nal 
coder stage 14 Which is a entropy coder and explained in 
more detail With respect to FIG. 2. Each syntax element is 
a data value having a certain meaning in the video signal bit 
stream that is passed to the entropy coder. The entropy coder 
14 outputs a ?nal compressed video bit stream. 

FIG. 2 shoWs the arrangement for coding the syntax 
elements into the ?nal arithmetic code bit stream, the 
arrangement generally indicated by reference number 100. 
The coding arrangement 100 is divided into three stages 
100a, 100b, and 100c. 

The ?rst stage 100a is the binariZation stage and com 
prises a binariZer 102. An input of the binariZer 102 is 
connected to an input 104 of stage 100a via a sWitch 106. At 
the same time, input 104 for the input of coding arrangement 
100. The output of binariZer 102 is connected to an output 
108 of stage 100a, Which, at the same time, forms the input 
of stage 100b. The sWitch 106 is able to pass syntax elements 
arriving at input 104 to either binariZer 102 or binariZation 
stage output 108, thereby bypassing binariZer 102. 

The function of sWitch 106 is to directly pass the actual 
syntax element at input 104 to the binariZation stage output 
108 if the syntax element is already in a Wanted binariZed 
form. For the folloWing discussion, it is assumed that the 
syntax element is not in the correct binariZation form and 
therefore, syntax elements are generally thought to be non 
binary valued syntax elements. The non-binary valued syn 
tax elements are passed via sWitch 106 to binariZer 102. 
BinariZer 102 maps the non-binary valued syntax elements 
to a code Word, or a so called bin string, in accordance With 
a binariZation scheme embodiments of Which are described 
beloW With respect to the folloWing ?gures. The meaning of 
bin Will be described in more detail beloW With respect to 
FIG. 3. 
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The code Words output by binariZer 102 may not be 

passed directly to binariZation stage output 108 but control 
lably passed to output 108 by a bin loop over means 110 
arranged betWeen the output of binariZer 102 and output 108 
in order to merge the bin strings output by binariZer 102 and 
the already binary valued syntax elements bypassing bina 
riZer 102 to a single bit stream at binariZation stage output 
108. 
As is described in more detail beloW, the binariZation 

stage 108 is for transferring the syntax elements into a 
suitable binariZed representation, Which is adapted to the 
probability distribution of the syntax elements and thereby 
enabling very ef?cient binary arithmetic coding of these 
binariZed syntax elements by applying context modeling, 
i.e., varying the bit value probability estimation, With respect 
to only a small part of the bits, as Will be described in more 
detail beloW. 

Stage 100b is a context modelling stage and comprises a 
context modeler 112 as Well as a sWitch 110. The context 
modeler 112 comprises an input, an output and an optional 
feed-back input. The input of context modeler 112 is con 
nected to the stage output 108 via sWitch 110. The output of 
context modeler 112 is connected to a regular coding input 
terminal 114 of stage 100c. The function of sWitch 113 is to 
pass the bits or bins of the bin string at binariZation stage 
output 108 to either the context modeler 112 or to a bypass 
coding input terminal 116 of stage 100c, thereby bypassing 
context modeler 112. 

In order to ease the understanding of the preferred 
embodiments of the present invention, in the folloWing only 
those parts of the bit stream at binariZation stage output 108 
are discussed, Which correspond to bin strings created from 
absolute values of transform coef?cient levels or motion 
vector differences. Motion vectors are 2-dimensional vectors 
used for interprediction that provide an off-set from the 
coordinates in the decoded picture to the coordinates in a 
reference picture. The motion vector difference represents 
the prediction error at quarter-sample accuracy. 
Nevertheless, the embodiments described herein With 
respect to the ?gures could also be applied to other syntax 
elements. 
When receiving the bin string or codeWord of a compo 

nent of a motion vector difference or a transform coef?cient 
level, it is the function of sWitch 113 to direct the bits of the 
codeWord to either the context modeler 112 or the bypass 
input terminal 116 depending on to Whether the bit belongs 
to a primary pre?x part or a primary suffix part of the code 
Word, as Will be described in more detail beloW. 

The context modeler 12 adapts an actual bit or bin value 
probability distribution estimation in accordance With a 
predetermined context model type Which is associated With 
that bit or bin. The estimation adaptation or estimation 
update is based on past or prior bits values Which the context 
modeler 112 may receive at the feedback input from stage 
100c or may temporarily store. The context model type 
de?nes Which of the past bits or bins in?uence the estimation 
adaptation, such as the bins of a neighboring pixel syntax 
element or the bin before the actual bin. The context modeler 
12 passes the bits further to arithmetic coding stage 100c 
together With the neW adaptively varied bit value probability 
distribution estimation, Whereby the context modeler 112 
drives the arithmetic coding stage 100c to generate a 
sequence of bits as a coded representation of the syntax 
elements according to the adaptive bit value probability 
distribution estimation. 

It is clear from the above, that the probability estimation 
determines the code and its ef?ciency in the ?rst place, and 
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that it is of paramount importance to have an adequate model 
that exploits the statistical dependencies of the syntax ele 
ments to a large degree and that this probability estimation 
or context model is kept up-to-date during encoding. 
HoWever, there are signi?cant model costs involved by 
additively estimating higher order conditional probabilities. 
Therefore, the binariZation schemes of the embodiments 
described beloW are adapted to the statistics of the syntax 
elements such that context modeling leads to a ef?cient 
compression ratio even if context modeling is performed 
merely With respect to certain bits or bins of the binariZed 
syntax elements at binariZation stage output 108. With 
respect to the other bits, it is possible to use a static 
probability estimation and therefore reduce signi?cantly the 
model costs, Whereas the compression ef?ciency is affected 
merely to a moderate extent. 

The third stage 100c of coding arrangement 100 is the 
arithmetic coding stage. It comprises a regular coding 
engine 118, a bypass coding engine 120, and a sWitch 122. 
The regular coding engine 118 comprises rises an input and 
an output terminal. The input terminal of regular coding 
engine 118 is connected to the regular coding input terminal 
114. The regular coding engine 118 binary arithmetically 
codes the bin values passed from context modeler 112 by use 
of the context model also passed from context modeler 112 
and outputs coded bits. Further, the regular coding engine 
118 eventually passes bin values for context model updates 
to the feedback input of context modeler 112. 

The bypass coding engine 112 has also an input and an 
output terminal, the input terminal being connected to the 
bypass coding input terminal 116. The bypass coding engine 
120 is for binary arithmetically coding the bin values passed 
directly from binariZation stage output 108 via sWitch 113 by 
use of a static predetermined probability distribution esti 
mation and also outputs coded bits. 

The coded bits output from regular coding engine 218 and 
bypass coding engine 120 are merged to a single bit stream 
at an output 124 of coding arrangement 100 by sWitch 122, 
the bit stream representing a binary arithmetic coded bit 
stream of the syntax element as input in input terminal 104. 
Thus, regular coding engine 118 and bypass coding 120 
cooperate in order to bit Wise perform arithmetical coding 
based on either an adaptive or a static probability distribu 
tion model. 

In order to illustrate the relation betWeen “bits” of the 
codeWords to Which binariZer 102 maps the syntax elements, 
on the one hand, and “bins”, on the other hand, FIG. 3 shoWs 
a binary code tree corresponding to the binariZation scheme 
later described With respect to FIG. 5. The code tree, 
generally indicated With reference number 150 comprises a 
root node 152 and several internal nodes 154, the root node 
152 and the internal node 154 being designated by Ci, With 
the index i being an integer associated With a corresponding 
node. Each of these nodes de?nes a conditional branch or 
binary decision called a “bin”, With a left branch correspond 
ing to the bin value and the right branch corresponding to the 
bin value 1. 

The tree 150 also includes terminal nodes 156. The 
numbers assigned to the terminal nodes 156 in FIG. 3 
correspond to the data value of the syntax element, Which, 
in accordance With the binariZation scheme of FIG. 5, 
corresponds to the codeWord or bit string resulting form the 
bits or bin values, When folloWing the path from root node 
152 to the respective terminal node 156. For example, the 
data value 17 corresponds, as shoWn in FIG. 5, to the 
codeWord bit string 11111111111111101. The path com 
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prises root node 152 and the internal nodes 154 C2 to C17. 
Each node 152 or 154 may be seen as a binary decision 
called “bin”. The concatenation of the binary decision for 
traversing the tree 150 from the root node 152 to the 
respective terminal node 156 represents the “bin string” of 
the corresponding symbol value or syntax element value. 

Each binary decision has an actual probability distribution 
indicating the probability as to Whether the decision yields 
a binary Zero (left branch in FIG. 3) and a binary one (right 
branch in FIG. 3). In other Words, the actual probability 
distribution of a binary decision de?nes the probability that 
the syntax element path takes the Zero or one branch at this 
binary decision. Accordingly, the actual probability for the 
syntax element to assume a certain data value is equal to the 
product of the respective probabilities at the nodes arranged 
along the path from root node 152 to the respective terminal 
node 156. 

For binary arithmetic coding, each binary decision or 
node 152, 154 of tree 156, ie each bin, is associated With 
a bit value probability estimation or a context model, ie C1. 
As is described in more detail beloW, not all of the nodes or 
bins is associated With adaptive probability estimation mod 
els but may be associated With a static probability 
estimation, thereby reducing the context modeling overhead, 
ie the management for adapting the estimation according to 
past bins in order to increase the compression ratio. 

Next, With respect to FIG. 4, an embodiment of a bina 
riZation scheme in accordance With an embodiment of the 
present invention is described. FIG. 4 shoWs schematically 
the steps binariZer 102 performs on the non-binary valued 
syntax elements. In particular, FIG. 4 is an embodiment for 
binariZing the absolute values of transform coef?cient 
levels, i.e., an integer quantity representing the value asso 
ciated With a particular tWo-dimensional frequency index in 
the decoding process prior to scaling for computation of a 
transform coef?cient value. 

The binariZation scheme of FIG. 4 is a concatenation of 
a truncated unary binariZation scheme, on the one hand, and 
a k”1 order Exp-Golomb binariZation scheme, on the other 
hand. A truncated unary binariZation scheme is based a 
unary binariZation scheme. In accordance With an unary 
binariZation scheme, for each unsigned integer valued sym 
bol x greater than or equal to Zero the unary codeWord to 
Which x is mapped consists of x “1” bits plus a terminating 
“0” bit. Differing from the unary binariZation scheme, a 
truncated unary (TU) code is only de?ned for x With 
Oéxé S, Where for x<S the code is given by the unary code, 
Whereas for x=S the terminating “0” bit is neglected such 
that the TU code of x=S is given by a codeWord consisting 
of x “1” bits only, ie without a terminating bit of “0”. In 
accordance With the exponential Golomb binariZation 
scheme, generally, a data value x is mapped to a code 
consisting of a pre?x and a suf?x. More precisely, in 
accordance With the k”1 order Exp-Golomb binariZation 
scheme, data values are mapped to code Words having at 
least a pre?x and, depending on the data value, a suffix. The 
pre?x part of the EGk code Word consists of a unary code 
corresponding to the value 1(x), With 1(x)=[log2(x/2k+1], k 
indicating the order of the code and [r] being maximum 
integer smaller than or equal to real value r. The EGk suf?x 
part is computed as the binary representation of x+2k(1—21 
(x)) sing k+1(x) signi?cant bits. 
As can be seen from FIG. 4, the absolute data value x to 

be binariZed is compared to the cut-off value S at 200 to 
determine the minimum of x and S. S is the cut-off value 
de?ning for Which absolute data values x the truncated unary 
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code is to be used exclusively, ie without using the Golomb 
binariZation scheme for the residual. In other Words, for all 
absolute data values X less than the cut-off values S the 
truncated unary binariZation is used exclusively in order to 
map the absolute data value X to a codeWord, the codeWord 
accordingly merely consisting of a primary pre?x. If the 
absolute data value x is greater than or equal to 5, a primary 
suffix is appended to the primary pre?x, the primary suf?x 
being created in accordance With a Zero order Exp-Golomb 
binariZation scheme from x-S, as Will be described further 
beloW. 

The minimum betWeen x and S is binariZed in accordance 
With the truncated unary binariZation scheme at 202. The 
result is a primary pre?x 204, Which forms at least a part of 
the ?nal codeWord 206 to Which x is mapped to. The primary 
pre?x thus consists of a unary binariZation of the value of 
Min(S, Abs(x)), Where Min(a, b) denotes the minimum of 
values a and b, and Where Abs(x) denotes the absolute value 
of x. In other Words, primary pre?x consists of S ones if x 
is greater than or equal to S, and consists of x leading ones 
folloWed by a terminating Zero if x is less than S. 

The absolute data value x is compared at 208 to the cut-off 
value S. If a comparison yields that x is smaller than S, the 
binariZation ends at 210 and, therefore, the codeWord 206, 
the absolute data value x is mapped to in accordance With the 
binariZation scheme of FIG. 4, just consists of the primary 
pre?x 204. OtherWise, i.e., if x is equal to or greater than S, 
the cut-off value S is subtracted from the absolute data value 
x at 212. The resulting difference x minus S, sometimes 
called a residual, is processed at 214 in accordance With a k’h 
order Exp-Golomb binariZation scheme, With k equal to 
Zero. The k’h order Exp-Golomb binariZation scheme Will 
later be described in more detail With respect to FIG. 7. 

The result of the binariZation 214 of the difference “x 
minus S” is appended to the primary pre?x 204 as the 
primary suffix 208. Therefore, if the absolute data value x is 
greater than or equal to the cut-off value S the resulting 
codeWord 206 consists of a primary pre?x 204 folloWed by 
a primary suf?x 208, Wherein the primary suffix 208 is a k”1 
order Exp-Golomb binariZation n of x-S. As Will be appar 
ent from the further description, the primary suf?x 208 itself 
consists of a pre?x and a suf?x, hereinafter called a second 
ary pre?x 218 and a secondary suf?x 220. 

Experimental studies have shoWn, that for absolute values 
of transform coefficient levels, S=14 and k=0 yield relatively 
good compression ratios When passing such binariZed trans 
form coef?cient level values to a binary arithmetic coder 
even if just the bits of the codeWords 206 being part of the 
primary pre?x are arithmetically coded using an adaptive 
probability model, thereby reducing the coding overhead. 

FIG. 5 shoWs a table in Which absolute values of trans 
form coefficient levels in the left column 215 are listed With 
their corresponding codeWords in accordance With the bina 
riZation if FIG. 4 to the right at 252, When S=14 and k=0. It 
is noted that the binariZation and subsequent coding process 
is applied to the syntax element “transform coef?cient level 
values minus 1”, since Zero valued, i.e. non-signi?cant, 
transform coef?cient levels are encoded using the aforemen 
tioned signi?cances map. Therefore, With respect to FIG. 4, 
in the table of FIG. 5 at 250 the values of x plus 1 is listed. 
The table of FIG. 5 shoWs the result of the binariZation 
scheme of FIG. 4 for the values S=14 and k=0. 

As can be seen, the codeWord or bin string, an absolute 
value is mapped to, comprises at least a TU pre?x, the TU 
pre?x part of the codeWords or bin strings being highlighted 
in FIG. 5 at 254. As can be seen, absolute values beloW 15 
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(=x+1) do not have an EGO suf?x as shoWn in 256. Further, 
as shoWn by dotted line 258 each EGO suf?x 256 comprises 
a secondary pre?x Which is on the left side of dotted line 
258, and all EGO suf?xes 256, except the one of codeWord 
belonging to absolute value 15, comprise a secondary suf?x 
arranged to the right side of dotted line 258. 

In the same Way as FIG. 5, FIG. 6 shoWs a table of pairs 
of absolute values and bin strings as they are obtained in 
accordance With the binariZation scheme of FIG. 4 With k=3 
and S=9. The elements of the table of FIG. 6 being equal to 
those of FIG. 5 are indicated by the same reference numbers 
as in FIG. 5, and a repetitive description of these elements 
is omitted. The sign bit is not shoWn in table FIG. 6. 

The values for k and s according to the binariZation 
scheme in accordance With FIG. 6 has shoWn good com 
pression effectiveness When applied to absolute components 
of motion vector differences. For motion vector differences 
UEGk binariZation as shoWn in FIG. 6 is constructed as 
folloWs. Let us assume the value mvd of a motion vector 
component is given. For the pre?x part of the UEGk bin 
string, a TU binariZation (202 in FIG. 4) is invoked using the 
absolute value of mvd With a cut-off value of S=9. If mvd is 
equal to Zero, the bin string consists only of the pre?x code 
Word “0”, 270. If the condition |mvd|§9 holds (208 in FIG. 
4), the suf?x is constructed (214 in FIG. 4) as an EG3 
codeWord for the value of |mvd|—9, to Which the sign of mvd 
is appended using the sign bit “1” (not shoWn) for a negative 
mvd and the sign bit “0” (not shoWn) otherWise. For mvd 
values With 0<|mvd|<9, the suf?x consists only of the sign 
bit. 

Assuming that the components of a motion vector differ 
ence represents the prediction error at quarter-sample 
accuracy, the pre?x part alWays corresponds to a maximum 
error component of +/—2 samples. With the choice of the 
Exp-Golomb parameter k=3, the suf?x code Words are given 
such that a geometrical increase of the prediction error in 
units of 2 samples is captured by a linear increase in the 
corresponding suf?x code Word length. 

After having described the functionality of binariZer 102 
in FIG. 2 With respect to FIGS. 4 to 6 in a rather coarse Way, 
a possible implementation for the k”1 order Exp-Golomb 
binariZation 214 in FIG. 4 is described With respect to FIG. 
7 in more detail. FIG. 7 shoWs a pseudo-C code illustrating 
the process of constructing the primary suffix part of the 
code Word representing the binariZation of absolute data 
value x in accordance With the binariZation scheme of FIG. 
4. First, at 300 an auxiliary parameter k is initialised to the 
order of the Exp-Golomb binariZation used. In case of 
binariZation of components of motion vector differences in 
accordance With FIG. 6, for example, k is initialiZed in step 
300 to the value of 3. 

If a comparison in line 302 betWeen the absolute value of 
the motion vector difference (mvd) and the cut-off value, 
here 9, reveals that the absolute value of mvd is greater than 
or equal to 9, in a step 304, the cut-off value S=9 is 
subtracted from the absolute value of mvd to obtain sufS. 
Furthermore, a parameter stopLoop is initialiZed in step 306 
to the value of Zero. Next, in 308, a conditional if-operation 
is performed as long as the stopLoop-parameter has not 
changed his value to a positive value greater than 0, as is 
checked in line 310. If the conditional if-operation reveals 
that sufS is greater than or equal to the kth poWer of 2 (312d), 
at 312 a bit having the bit value 1 is output (312a), the k”1 
poWer of 2 is subtracted from sufS (312b), and k is incre 
mented (312c). OtherWise, if sufS is smaller than the kth 
poWer of 2 (3126), a bit having the bit value of Zero is output 



US 6,900,748 B2 
11 

(312)‘), a binary representation of sufS using a number of bits 
equal to the actual value of k (312g) is output (312k), and the 
parameter stopLoop is set to a value of 1 (3126‘) thereby 
resulting in stopping the iterative execution of the 
if-operation 308. 

All steps 304 to 312 are performed if the comparison in 
step 302 reveals that the absolute value of mvd is greater 
than or equal to 9. Irrespective of the comparison in 302, at 
314 an a sign bit of Zero is output if mvd is greater than Zero 
and an a sign bit of 1 is output if mvd is smaller than Zero, 
the sign bit not being shoWn in FIG. 6. 
As becomes clear from the pseudo-C code of FIG. 7, in 

case of third order Exp-Golomb binariZation scheme, the 
suffix part at least comprises four bits, one being the Zero bit 
of 312f, and the other three being the bits of the binary 
representation output in 312h, as can be seen also in FIG. 6, 
neglecting the sign bit at the end of each codeWord. 

After having described With respect to FIG. 4 to 7 the 
binariZation performed by binariZer 102 in FIG. 2, With 
respect to FIG. 8, the cooperation of the context modelling 
stage 100b and the arithmetic coding stage 100c is 
explained, Which the binariZed syntax elements are passed 
to. 

FIG. 8 schematically shoWs at 350 a probability interval 
betWeen plow and phigh, With 0éplow<phighé 1. The prob 
ability interval 350 represents an actual probability interval 
into Which the combinations of the stages 100a to 100c have 
arithmetically coded leading syntax elements belonging to 
one slice. At the beginning of a slice, plow=0 and phigh=1. 

It is assumed that noW the ?rst bin of the syntax element 
binariZed in accordance With the above-described binariZa 
tion scheme is passed to the context modeling stage 100b. 
Let us assume that the syntax element is an absolute value 
of a transform coef?cient level. The ?rst bin in the bina 
riZation scheme for transform coefficient levels is, as can be 
seen in FIG. 5, in the last line of the table, and in FIG. 3, 
Which shoWs the binariZation code tree for the binariZation 
scheme of FIG. 5, the ?rst bit of the TV pre?x of the binary 
string of the transform coef?cient level. This bin is regularly 
past by sWitch 113 to context modeler 112. The context 
modeler 112 adjusts an adaptive probability estimation 352, 
according to Which the ?rst bin of the bin string has a 
probability of P(0) to be Zero and a probability of P(1) to be 
one, Wherein P(1)+P(0)=1. Context modeler 112 needs just 
one parameter in order to store or manage the adaptive 
probability estimation. Context modeler 112 adjusts the 
adaptive probability estimation in accordance With past bins 
or prior bins and in accordance With the context model type 
associated With the respective bin. The context model types 
de?ning the dependencies of the probability estimation on 
the past bins may be different for the different bins of the bin 
string of a syntax element. The context modeler 112 passes 
bin value and adjusted adaptive probability estimation 352 
to regular coding engine 118. Regular coding engine 118 
reduces the actual probability interval 350 to a neW prob 
ability interval having a range of P(0) multiplicated With the 
range of the actual probability interval 350, i.e. With a range 
of P(0)*(Phigh—Plow), if the bit value of the ?st bin of the 
primary pre?x is Zero, and P(1) multiplicated With the range 
of the actual probability interval 350, i.e. With a range of 
P(1)*(Phigh—P,0W), if the ?rst bit value of the ?rst bit of the 
primary pre?x is one. The neW probability interval shares 
the loWer limit With the actual probability interval 350, if the 
actual bin value of the ?rst bin Was Zero, and the upper limit 
Phigh otherWise. In other Words, the probability estimation 
virtually subdivides the actual interval in tWo subintervals, 
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Wherein the neW actual probability interval is one of the tWo 
subintervals depending on the bin value to be encoded. 
Instead of assigning Zero bin value to the loWer subinterval, 
the loWer subinterval could be associated With the most 
probable symbol (MPS), i.e. 1 or 0 depending on Which has 
the higher probability according to the context model. 

In the folloWing example, the ?rst bin value Was Zero, and 
therefore, the neW actual probability interval, shoWn at 354 
is obtained. The same procedure as for the ?rst bin of the 
primary pre?x is performed formed for the remaining bins of 
the primary pre?x. Eventually a different context model type 
is used for different bins and the primary pre?x. This means, 
the dependency of the adaptation of the probability estima 
tion on prior bins may be different for the different bins and 
the primary pre?x, including the use of different context 
templates etc. 
As can be seen from FIG. 8, the actual probability interval 

is getting narroWer and narroWer. Each bin is directed by 
sWitch 113 to context modeler 112. This changes, When the 
?rst bit of the primary suffix reaches stage 100b. In this case, 
sWitch 113 passes the bin value to bypass coding engine 120. 
The bypass coding engine 120 operates on the same actual 
probability interval as regular coding engine 118, shoWn in 
FIG. 8 at 356. Contrary to the regular coding engine 118 the 
bypass coding engine 120 uses a ?xed probability estimation 
or a static probability estimation, in particular, the ?xed 
probability estimation used by bypass coding engine 120 
assumes that the actual bin value is With equal probability a 
one or a Zero, i.e. P(0)=P(1). Thus, bypass coding engine 120 
reduces the actual probability interval 356 to either the upper 
or loWer half of the actual probability interval 356 When 
coding the actual bin of the primary suffix. 
As Will be apparent from FIG. 8, the actual probability 

interval is reduced from bin to bin such that the neW 
probability interval lies Within the actual probability inter 
val. The arithmetically coded bit stream that the regular 
coding engine and the bypass coding engine cooperatively 
output via sWitch 122 represents a probability value lying in 
the probability interval that is obtained after operating the 
syntax element of a Whole slice. 

As already mentioned above, the compression rate of the 
output string is relatively high taking into account the 
computational reduction With respect to the adaptive prob 
ability estimation context modeling. 

After having described the binariZation and arithmetic 
coding on the encoder side in accordance With embodiments 
of the present invention, FIG. 9 shoWs as an embodiment of 
the present invention, the steps performed on decoder side in 
order to decode the arithmetically coded bit stream. 

Firstly, in step 400, the decoder receiving the arithmeti 
cally coded bit stream determines Whether the next bin or bit 
to be determined from the coded bit stream is an primary 
pre?x bit or an primary suf?x bit. The decoder knoWs from 
the Way of the predetermined syntax of the arithmetically 
coded bit stream, as to Whether the next bin or bit expected 
is a bit of a primary pre?x or a primary suffix of a binariZed 
syntax element. 

If, in step 400, it is determined that the expected bit is a 
bit of the primary pre?x, the decoder determines the bit 
value for this bit by binary arithmetic decoding based on an 
adaptively varying probability estimation or context model. 
The decoder updates this adaptively varying probability 
estimation based on past decoded bins indicated by the 
respective context model type. The determination 402 
includes subdividing an actual probability interval according 
to the adaptive probability estimation into tWo subintervals, 
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assigning the bin value to be determined to the bin value 
associated With the subinterval the probability value indi 
cated by the arithmetically coded bit stream lies in, and 
reducing the actual probability interval to the that 
subinterval, thereby simulating the steps performed by the 
encoder When creating the arithmetically coded bit stream as 
shoWn in FIG. 8. 

If the bit is a bit of the primary suf?x, in 404 the next bit 
or bin value is determined by performing arithmetic decod 
ing based on a static probability model. Step 404 includes 
subdividing the actual probability interval according to the 
static probability estimation into tWo equally siZed 
subintervals, assigning the bin value to be determined to the 
bit value associated With the subinterval in Which the 
probability value indicated by the arithmetically coded bit 
stream lies, and reducing the actual probability interval to 
that subinterval. 

The decoder repeats, 408, the steps 400 to 404 if there are 
bits left to achieve the bit values for the bits of a Whole 
codeWord. If there are no bits left at step 408, the decoding 
process ends at step 410. The decoder knoWs When the 
binary representation of a syntax element ends, ie which 
decoded bit is the last of a actual syntax element, from 
folloWing the respective binariZation code tree, such as the 
code tree shoWn in FIG. 3 in case of the syntax element 
being a absolute transform coef?cient level minus 1. 

FIG. 10 shoWs the process of recovering from the code 
Word as obtained by the process of FIG. 9 the data value, 
Which has been binariZed into the codeWord. The bit values 
as obtained by the process of FIG. 9 form a bit stream 450. 
The decoder knoWs, as described above When a neW code 
Word is on the bit stream 450, the instance of a neW 
codeWord being indicated by Way of a signal 452. 

In a minimum extracting step 454 then a value m is 
extracted from the binary code Word by counting the leading 
ones in the primary pre?x of the code Word, the count being 
equal to m. If m is equal to S, What is checked in step 456 
(the value of S is knoWn to the decoder because he knoWs 
Which syntax element is coded by Which binariZation 
scheme), in a difference extracting step 458 the bits folloW 
ing to the bits of the primary pre?x from the bit stream 450 
are received, Which form the primary suffix part of the code 
Word. In the difference extracting step 458 the difference 
betWeen the data value x to be recover and the cut-off value 
S is recovered from the primary suf?x of the code Word in 
the bit stream 450. 

In step 460, S is added to the difference x-S recovered in 
step 358 to obtain the value x, the value for the actually 
encoded syntax element. 
An example for a pseudo-C code illustrating minimum 

extraction step 454 could be: 
m=—1; /InitialiZing counting parameter 

for (b=0; (b-1); m++) ( /BitWise reading the leading bits 
of 
b=readibits (1); /codeWord and, before each reading, 
if (M=S) /incrementing k, until the actually 
b=0; /read bit is Zero or m=S 

The substeps performed by in difference extracting step 
458 are shoWn in FIG. 11. In a step 500 the difference 
extractor counts the leading bits in the primary suf?x to 
obtain a value In Next, k, Which is 3 for motion vector 
difference and is 0 for a transform coef?cient level value, is 
compared to Zero in step 502. If k is equal to Zero, in step 
504, m is compared to Zero in step 504. If comparison yield 
that m=0, it is deduced in step 506 that the data value x is 
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14 
equal to the cut-off value S, Which is 9 in the case of motion 
vector differences and 14 in the case of transform coef?cient 
levels. 

If k is not equal to Zero and/or m is not equal to Zero, in 
step 508 the next k plus m folloWing bits are read from the 
bit stream 450, ie the bits folloWing the terminating bit of 
the secondary pre?x. Thereby, a binary (k+m) bit long 
representation of A=x—S+2k (1-2'”) is achieved. As can 
easily gathered form this equation, A=x—S if m=0. 
When a comparison of m With 0 in step 510 reveals that 

m=0, from the binary representation A the value of 2k(1—2'”) 
is subtracted to obtain the value of x-S. 

In the folloWing, reference is made to FIG. 12 to shoW, in 
more detail than in FIG. 1, the complete setup of a video 
encoder engine including an entropy-encoder as it is shoWn 
in FIG. 12 in block 800 in Which the aforementioned 
binariZation and binary arithmetic coding is used. In 
particular, FIG. 12 shoWs the basic coding structure for the 
emerging H.264/AVC standard for a macroblock. The input 
video signal is, split into macroblocks, each macroblock 
having 16x16 pixels. Then, the association of macroblocks 
to slice groups and slices is selected, and, then, each 
macroblock of each slice is processed by the netWork of 
operating blocks in FIG. 12. It is to be noted here that an 
ef?cient parallel processing of macroblocks is possible, 
When there are various slices in the picture. The association 
of macroblocks to slice groups and slices is performed by 
means of a block called coder control 802 in FIG. 12. There 
exist several slices, Which are de?ned as folloWs: 

I slice: A slice in Which all macroblocks of the slice are 
coded using intra prediction. 

P slice: In addition, to the coding types of the I slice, some 
macroblocks blocks of the P slice can also be coded 
using inter prediction With at most one motion 
compensated prediction signal per prediction block. 

B slice: In addition, to the coding types available in a P 
slice, some macroblocks of the B slice can also be 
coded using inter prediction With tWo motion 
compensated prediction signals per prediction block. 

The above three coding types are very similar to those in 
previous standards With the exception of the use of reference 
pictures as described beloW. The folloWing tWo coding types 
for slices are neW: 

SP slice: A so-called sWitching P slice that is coded such 
that ef?cient sWitching betWeen different precoded pic 
tures becomes possible. 

SI slice: Aso-called sWitching I slice that alloWs an exact 
match of a macroblock in an SP slice for random access 
and error recovery purposes. 

Slices are a sequence of macroblocks, Which are pro 
cessed in the order of a raster scan When not using ?exible 
macroblock ordering (FMO). Apicture maybe split into one 
or several slices as shoWn in FIG. 14. A picture is therefore 
a collection of one or more slices. Slices are self-contained 

in the sense that given the active sequence and picture 
parameter sets, their syntax elements can be parsed from the 
bit stream and the values of the samples in the area of the 
picture that the slice represents can be correctly decoded 
Without use of data from other slices provided that utiliZed 
reference pictures are identical at encoder and decoder. 
Some information from other slices may be needed to apply 
the deblocking ?lter across slice boundaries. 
FMO modi?es the Way hoW pictures are partitioned into 

slices and macroblocks by utiliZing the concept of slice 
groups. Each slice group is a set of macroblocks de?ned by 
a macroblock to slice group map, Which is speci?ed by the 












